It is interesting to investigate the formation of He bubbles in amorphous alloys because point defects do not exist in amorphous materials. In the present study, the microstructural evolution of amorphous Fe 79 B 16 Si 5 alloy, either irradiated with 5 keV He + ions or implanted with 150 eV He + ions without causing displacement damage, and then annealed at a high temperature, was investigated using transmission electron microscopy (TEM). Vacancytype defects were formed in the amorphous alloy after irradiation with 5 keV He + ions, and
Introduction
Atoms can be displaced by particles with high energy, such as neutrons, ions and electrons, in not only crystalline but also amorphous materials. A crystalline phase can be transformed into an amorphous phase under irradiation [1] , especially in intermetallic compounds, as a consequence of irradiation damage [2] [3] [4] [5] [6] [7] . On the contrary, irradiation with high-energy particles can induce nanocrystallization of an amorphous phase in metallic glasses, owing to irradiation-induced increases in the short-range order and in the atomic diffusivity [8] [9] [10] [11] [12] . Point defects are formed when atoms are displaced in crystalline materials. The aggregation of defects by diffusion of point defects induces microstructural evolution, which affects physical and mechanical properties of materials. Although point defects do not exist in amorphous material, damage is produced during irradiation with high-energy particles With advances in nuclear power technology -fusion reactor technology in particularinterest in the behavior of He in solids has increased. He is generated in materials by the nuclear reaction of (n, ), which increases with increasing neutron energy. In addition, He is also introduced directly into plasma-facing materials (PFMs) by the He plasma in fusion reactors. He, which has a strong interaction with vacancies [13, 14] , forms a high density of bubbles. In a fusion reactor, He and He bubbles lead to surface damage such as erosion, sputtering, and blistering of the plasma-facing materials. The impurity induced by erosion of PFMs is a key factor in the radioactive power loss of the plasma. Therefore, it is important to find materials with low He retention and/or better resistance to He bubble formation.
The crystal structure is one factor influencing the retention of He in solids, and amorphous metals have quite different atomic configurations from crystalline metals. It has been reported that vacancy-type defects and He bubbles are formed in amorphous FeBSi and Fe-Ni-Mo-B alloy, respectively, during He irradiation [15] [16] [17] [18] [19] . He bubbles are formed by migrations of vacancies and He in crystalline metals and alloys. It is expected that vacancy-type defects and He are also mobile even in amorphous alloys; however, the formation process of He bubbles is not clear. In the present study, the formation process of He bubbles in amorphous alloys was investigated.
Experimental procedure
The amorphous alloy Fe 79 B 16 show that He peaks appear in the samples [21] . After irradiation, isochronal annealing and isothermal annealing experiments were carried out, and the microstructures of the amorphous and crystalline FeBSi samples were investigated using transmission electron microscopy (TEM). In order to investigate the formation of He bubbles in the amorphous alloy, a He implantation at 150 eV, which does not produce displacement damage, was carried. Figure   6 shows the microstructural evolution in the 150 eV He + -irradiated amorphous alloy during annealing from 300 to 873 K. Compared with the unirradiated amorphous alloy as shown in figure 2 , the temperature at which clearly visible embedded nanoparticles appear was not 673 K, but 723 K, and diffraction spots associated with nanoparticles were also observed by SAD. However, He bubbles were not observed even after annealing the sample to 873 K.
Results
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Discussion
The formation of He bubbles in metals and alloys is caused by the migration of vacancies and interstitial He atoms. Barnes et al investigated the formation of He bubbles for the first time [22] . They irradiated Cu by He ions with an energy of 38 MeV. No effects appeared immediately after irradiation, but, after heating to 1023 K, the sample showed bubbles in the He-rich zone. From this observation it was deduced that He alone is not able to form bubbles and that vacancies are required to provide the necessary space for expansion. Although point defects do not exist in amorphous materials, it is clear that vacancy-type defects can be formed by irradiation [21, 23] . It is considered that the 
Conclusions
Nucleation of He bubbles in amorphous FeBSi alloy irradiated with He ions has been investigated. It is clear that the formation of vacancy-type defects and their migration are key factors in the formation of He bubbles in this He-irradiated sample. In addition, He bubbles are formed after structural relaxation of the amorphous alloy. 
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